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DETERMINATION OF GLUCOSE, GALACTOSE, AND
RHAMNOSE IN MIXTURES*

By WiLLiaM L. PorTer and CHARLES S. FENSKE, Jr. (Eastern
Regional Research Laboratory, U. S. Department of
Agriculture, Philadelphia 18, Pa.){

In a study of the flavonol glycosides of buckwheat and other plants, it
was desirable to determine the carbohydrates in their hydrolysates, both
qualitatively and quantitatively. Chemical methods for the separation of
glucose, rhamnose, and galactose (6) were not suitable because they were
tedious, quantitatively inaccurate, and not successful in identifying sugars
present in trace amounts. Polarimetric methods (3) for analyses of the
possible combinations were not applicable because of interfering substance
resulting from the hydrolysis, and also because of the limited quantities
of most of the materials-to be analyzed. A combination of methods—
namely, filter paper chromatography (5), copper reduction (4), and yeast
fermentation (1, 2, 7, 8)—was finally employed, with complete success.
Although the procedure to be presented deals exclusively with mixtures
of glucose, rhamnose, and galactose, the principles may be applied in
analyses of mixtures of other sugars.

METHODS

Hydrolysis.—Several methods of hydrolysis were employed. However,
boiling under reflux for 2 hours in 2.5 per cent sulfuric acid, or for 1 hour
in 5 per cent sulfuric acid, gave the best recoveries of quercetin and sugars
from rutin. Before analysis, the sulfuric acid was neutralized with sodium
hydroxide.

Copper Reduction.—The sugar analyses were made by Schoorl’s method
(4). E
Paper Chromatography.—The method of Partridge (5) was used. The
solvent employed was the mixture of 40 per cent butanol, 10 per cent
ethanol, and 50 per cent water, described in the original paper.

Fermentation.—A culture of the yeast Saccharomyces bayanus
N.R.R.L.} No. 966) was used for fermenting glucose and one of Saccharo-
myces carlsbergensis (N.R.R.L. No. 379) was employed for fermenting
~ glucose and galactose. The methods of fermentation used for the two
yeasts were similar to those employed by Wise and Appling (8) and by
Auernheimer et al. (2) except that the fermentation time was lengthened
to 48 hours and the flasks were not shaken continuously.

& Presented at the Meeting-in-Miniature, Philadelphia Section, of the American Chemical Society,
Philadelphia, Pa., in January 1949. . . X .
One of the Laboratories of the Bureau of Agricultural and Industrial Chemistry, Agricultural Re-
search Administration, United States Department of Agriculture.
t Northern Regional Research Laboratory.
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PROCEDURE

Prepare a filter paper chromatogram of the solution to be analyzed. Determine
the identity of the sugars present from the position of the spots. Dilute an aliquot
of the original solution in the same manner as was done with the fermented samples.
Using Schoorl’s method, analyze an aliquot of this solution for total reducing sugars.
Record the volume of 0.1 N thiosulfate required. If the chromatogram indicates
that rhamnose is absent, but that either glucose or galactose or a mixture of these
two is present, follow fermentation procedure A described below. If rhamnose is
present in combination with either or both of the two sugars, follow procedure B.
If the chromatogram indicates only rhamnose, fermentation is not necessary.

Fermentation Procedure A.—Ferment an aliquot of the solution with yeast
N.R.R.L. No. 966 to remove glucose. Determine reducing materials on an aliquot
of the fermented solution by Schoorl’s method. Record the volume of 0.1 N thiosul-
fate. If the volume is zero, only glucose is present in the original solution. Calculate
the weight of glucose present in the original solution by means of Schoorl’s table
from the volume of 0.1 N thiosulfate used before fermentation. If titration is re-
quired, the volume of 0.1 & thiosulfate is then equivalent to the galactose. From this
volume, caleulate the weight of glucose present in the original solution. If the two
volumes are equal, only galactose is present in the original sample. Calculate the
weight of galactose from either titration. If the two volumes are not equal, subtract
the volume used by the solution after fermentation from the volume required for
the total reducing sugars, to obtain the volume of 0.1 N thiosulfate equivalent to
the glucose. Calculate the weight of glucose present in the original solution.

Fermentation Procedure B.—Ferment one aliquot of the original solution with
yeast N.R.R.L. No. 966, and another with N.R.R.L. No. 379. The volume of 0.1
N thiosulfate after fermentation with yeast No. 379 is equivalent to the rhamnose
in the aliquot taken for copper reduction, since both the glucose and/or galactose
would be destroyed. Calculate the weight of rhamnose present in the original solu-.
tion. The volume of 0.1 N thiosulfate after fermentation with yeast No. 966 is
equivalent to the rhamnose and/or galactose, since only glucose would be destroyed.
The difference between the volumes of 0.1 N thiosulfate required after fermentation
with yeast No. 966 and No. 379 is equivalent to the galactose present. Calculate the
weight of galactose present in the original solution. Subtract the volume of 0.1 N
thiosulfate required after fermentation with yeast N.R.R.L. No. 966 from the vol-
ume of 0.1 N thiosulfate used in the aliquot analyzed before fermentation to obtain
the volume of 0.1 N thiosulfate equivalent to the glucose. Calculate the weight of
glucose in the original solution.

RESULTS

Table 1 shows the results obtained by using the above-described pro-
cedure with pure sugars, and with the several possible combinations of
these sugars. To simplify the presentation of the data, the values are
reported as ml. of 0.1 N thiosulfate rather than as mg. of sugar, since it is
impossible to evaluate recoveries for any one step of the over-all procedure
without incorporating any errors present in all the other steps. The experi-
mental titres for a given weight of sugar are compared with the calculated
titres. Percentage recovery is the ratio of ml. of thiosulfate found to the
caleculated volume of thiosulfate. Examples of an application of the
method to the analysis of rutin are given in Table 2.



TABLE 2.—Recoveries of Quercelin and Sugars from Rutin

Hi80 4 RECOVERY OF THEORETICAL
WEIGET OF TIME OF
BOTIN CONC. VOL. BYDROLYSIS QUERCETIN® REAMNOSE GLUCOSE
9. per cent ml. hra. per cenl per cent per cent
0.5000 2.5 25 2 100.3 95.5 96.0
.5000 5.0 25 1 100.6 95.2 95.8

® Quercetin was filtered on Gooch crucible after hydrolysis, washed with water, dried to constant weight
at 110°C. and weighed.

DISCUSSION

As indicated by the data, synthetic mixtures of glucose; galactose, and
rhamnose can be analyzed, with recoveries of 98 to 104 per cent; hydroly-
sates of a flavonol glycoside can be analyzed, with recoveries of approxi-
mately 96 per cent. The value 96 per cent is probably low because of
destruction of sugar during the hydrolysis. By use of the qualitative filter
paper chromatogram, the amount of fermentation and chemical work
required is reduced to the minimum. Application of the technique to
other mixtures is being investigated.

SUMMARY

A method is presented for the analyses of mixtures of glucose, galactose
and rhamnose in hydrolysates of flavonol glycosides. The sugar determi-
nations are made by Schoorl’s copper reduction method before and after
fermentation by two yeasts capable of selective destruction of glucose and
of glucose and galactose, respectively. Filter paper chromatography is
used for qualitatively identifying the sugars.
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